Due to the functional importance of bovine milk protein polymorphisms, their correct discrimination is of great interest both from a scientific and practical point of view. Nowadays a large number of commercial platforms are available for semi-automated or fully automated SNP genotyping. However, in some cases the use of simple and rather cheap methods is an effective tool to be implemented within one's own laboratory for the routine analysis of a specific SNP. The present paper describes two simple tests based on the bidirectional allele-specific polymerase chain reaction (BAS-PCR) developed for the identification of β-casein (CSN2) B and I genetic variants. The practical application of the two methods on a panel of 84 Italian Brown bulls and 100 Italian Friesian cows is also discussed, including the biological significance of the two genetic variants and the importance of taking their occurrence into account when linkage analyses are performed on milk functional properties. A combined system for analysing milk protein variants by isoelectrofocusing (IEF) and the BAS-PCR assay developed for CSN2*I is described.
INTRODUCTION
Ruminant's caseins (α S1 -casein, β-casein, α S2 -casein, κ-casein) are respectively coded by CSN1S1, CSN2, CSN1S2 and CSN3 genes which are highly polymorphic in cattle. Some genetic variants were found to be associated with peculiar biochemical properties affecting animal breeding and human nutrition [1] .
Up to 45% of bovine milk casein (CN) is constituted by the β-CN, which consists of a single chain of 209 amino acids [2] . A total of 12 genetic variants involving at least 13 amino acid exchanges were described in cattle [1] . In all breeds, the most common variants are CSN2*A 1 and CSN2*A 2 , followed by the CSN2*B, which occurs at higher frequencies in some breeds, i.e. Normande and Jersey (frequency range: 0.30 -0.45), Montbéliarde, Italian Brown, Reggiana, Modenese and Italian Red Pied (frequency range: 0.10 -0.25) [3] . The most recently identified CSN2*I variant is rather common in Italian Holstein Friesian (frequency = 0.12) and Red Pied (frequency = 0.14) [4] , and in Dutsch Holstein Friesian (frequency = 0.19) [5] .
Milk protein polymorphisms can be identified at the protein level analysing individual milk samples by biochemical techniques like electrophoresis [6] , isoelectrofocusing (IEF) [7] [8] [9] or high performance liquid chromatography [10] . In particular, IEF methods allow to identify 31 of the 45 variants detected in Bos taurus; 23 of them are not rare variants [1] . The investigation at the DNA level allows to detect milk protein genetic polymorphisms also in animals not presenting the gene product (males, non-lactating females) as well as mutations in the non-coding regions of the genes [11] . Bidirectional allele-specific polymerase chain reaction (BAS-PCR) [12] , amplification created restriction sites [13] , multiplex PCR-single strand conformational polymorphism [14] were already applied to CSN2 analysis, as well as the most recent development of high-throughput assays which allow the simultaneous detection of several SNP [15, 16] .
Nowadays a large number of commercial platforms are available for semi-automated or fully automated SNP genotyping, differing in SNP selection, reaction chemistry, signal detection, throughput, cost, and assay flexibility. However, conventional methods can be implemented within one's own laboratory if specific attention is given to a particular SNP.
The present paper describes a BAS-PCR assay implemented in order to test a sample of Italian Brown bulls of known genotypes for the most important milk protein variants, but untyped for the specific SNP associated to CSN2*B variant. Similarly an original BAS-PCR assay was developed to identify at the DNA level CSN2*I which cannot be distinguished when milk protein variants are analysed by IEF because the amino acid exchange Met to Leu at position 93 of the mature protein does not affect the protein isoelectric point [4] . 
MATERIALS AND METHODS

CSN2*B BAS-PCR Detection
For the identification of CSN2*B, the BAS-PCR described by G. Damiani et al. [12] was modified according to the laboratory needs. Different primers were designed from the reference sequence of bovine β-casein (GenBank No. X17411) using Primer 3 software [17] , and different multiplex PCR (mPCR) conditions were used. The optimized mPCR was performed in a 50 µL reaction mixture containing 2.5 μL of DNA solution (25 to 100 ng), 1 × AccuPrime™ PCR Buffer II and 1U AccuPrime™ Taq DNA Polymerase High Fidelity (Invitrogen, Foster City, California, USA) and the following primers: 400 nM of B External Forward (5'-AGT GGG TTA ATG AGA AAT CCT TC-3'), 60 nM of B Internal Forward (5'-CCA GTT GAG CCC TTT ACT GAA AGC-3'), 100 nM of B Internal Reverse (5'-CAG TGA GAG TCA GGC TCT GC-3'), 300 nM of B External Reverse (5'-TAA TAG GGA AGG GTC CCC G-3'). The highlighted nucleotide within B Internal Forward and B Internal Reverse represents the SNP to be identified. Primers B Internal Reverse and B Internal Forward are specific for CSN2*B and "non-B" alleles, respectively (Figure 1) .
The following conditions were used for the mPCR assay: an initial denaturation step of 94˚C for 2 min, followed by 35 cycles of 94˚C for 30 s, 55˚C for 30 s, 68˚C for 30 s, and by a final extension step of 68˚C for 5 min, using a Mastercycler Gradient ® Thermal Cycler (Eppendorf, Hamburg, Germany). The mPCR products were analyzed by electrophoresis in 1.5% agarose gel and stained with SYBR ® Safe DNA Gel Stain (Invitrogen, Foster City, California, USA) followed by image analysis with Dyversity High Resolution 2D Gel and Blot Imaging System (Syngene, Cambridge, UK). The efficiency of this staining method was compared with conventional ethidium bromide staining. 
CSN2*I BAS-PCR Detection
A new BAS-PCR protocol was developed for the identification of CSN2*I. The optimized mPCR was performed in a 25 μL reaction mixture containing 1.5 μL of DNA solution (25 to 100 ng), 1 × AccuPrime™ PCR Buffer II and 1U AccuPrime™ Taq DNA Polymerase High Fidelity (Invitrogen, Foster City, California, USA) and the following primers: 400 nM of I External Forward (5'-tgc agg aac tca gga aga gg-3'), 160 nM of I Internal Forward (5'-cct ttc ctt cag cct gaa gta a-3'), 320 nM of I Internal Reverse (5'-cct tca ctt tgg aga ctc cca g-3'), 240 nM of I External Reverse (5'-gat agg gca ctg ctt tct gg-3'). The highlighted nucleotide within I Internal Forward and I Internal Reverse represents the SNP to be identified. Primers I Internal Reverse and I Internal Forward are specific for CSN2*I and "non-I" alleles, respectively (Figure 2) .
The following conditions were used for the mPCR assay: an initial denaturation step of 94˚C for 2 min, followed by 35 cycles of 94˚C for 30 s, 56˚C for 30 s, 68˚C for 30 s, and by a final extension step of 68˚C for 5 min, using a DNAEngine Peltier Thermal Cycler (Bio-RAD, Milan, Italy). Agarose electrophoresis and staining was performed as described for CSN2*B BAS-PCR.
Validation and Routine Analyses
Both assays were set-up and validated analysing a panel of 20 DNA samples of known genotypes. Moreover, 84 Italian Brown bulls and 100 Italian Friesian cows were routinely analysed for CSN2*B and CSN2*I, respectively, by the implemented protocols. DNA was extracted with DNeasy ® Blood & Tissue Kit (QIAGEN Gmbh, Hilden, Germany) from the bulls' semen and the cow's milk, respectively. Individual milk samples of the Italian Friesian cows were also typed by IEF [9] which allows the simultaneous detection of the most common milk protein variants.
RESULTS AND DISCUSSION
BAS-PCR Assays
The two BAS-PCR assays allowed a clear identification of the two SNP (Figures 3 and 4) .
The amplification products obtained by CSN2* (Figure 3) .
The amplification products obtained by CSN2*I BAS-PCR were a common 698 bp fragment originated from I External Forward and Reverse primers, a 286 bp fragment specific for "non-I" variants originated from I Internal Forward and I External Reverse primers, and a 455 bp fragment specific for I variant originated from I External Forward and I Internal Reverse primers Ex7-EsF and Ex7-I. The common 698 bp fragment was clearly visible using only external primers, whereas if they are used with the internal primers their PCR product is almost completely used for amplification of the specific bands thus acting for nested-PCR (Figure 4) . The SYBR ® staining method was efficient and can replace conventional ethidium bromide staining. Safe staining allows to safeguard the operator's health as well as the work environment security.
Perfect agreement occurred between the genotypes inferred by the implemented techniques and all the validation samples used for both SNP.
Routine Analyses
The practical application of BAS-PCR on a panel of 84 Italian Brown bulls revealed the presence of CSN2*B in 59 bulls at the heterozygous condition (9 A 1 B, 50 A 2 B), whereas one bull was homozygous BB. The genotype of the remaining 24 bulls was A 1 A 1 (n = 5) and A 1 A 2 (n = 19). Bulls were selected from a sample of 184 bulls partially typed for CSN2. All the chosen bulls carried CSN2*A 1 from which CSN2*B derives. The frequency of CSN2*B in the whole sample was 0.166, a value slightly lower than the frequency of 0.185 found in the same breed by A. Caroli et al. [18] . The frequencies of the other alleles in the whole sample were 0.103 (CSN2*A 1 ) and 0.731 (CSN2*A 2 ). Casein haplotype frequencies estimated by EH software [19] are shown in Table 1 , compared with data of the same breed [20, 21] .
It is to point out that the frequency of CSN2*B in Italian Brown underwent a drastic reduction from 1968 to 1996, changing from 0.28 to 0.21 [22] . This decreasing trend is confirmed by A. Caroli et al. [18] and the present data, and should be carefully monitored due to the effect of CSN2*B on technological properties of milk. In fact, casein micelles carrying β-CN B are more stable but more sensible to the chymosine action. Curd speed and strength are higher in β-CN B milk if compared to β- casein A milk, whereas micelle size is lower, which could explain the better rennet coagulation properties of this milk [23] . One of the causes of the decreasing trend of the CSN2*B allele may be the inclusion of the CSN3*B variant in the selection of the Italian Brown breed. In fact in this breed the CSN2*B variant is more frequently associated with the CSN3*A than with the CSN3*B, mostly associated with the CSN2*A 2 in this breed as also shown in previous studies [18, 21] .
The CSN2*I allele was identified at the heterozygous form in 8 of the 100 Italian Friesian cows analysed by BAS-PCR. From the combined IEF typing (Figure 5) , the following allele frequencies were found in the sample: 0.53 (CSN2*A 2 ), 0.395 (CSN2*A 1 ), 0.035 (CSN2*B), 0.04 (CSN2*I). Allele frequencies at the other milk protein genes, including the two main whey proteins β-lactoglobulin (LGB) and α-lactalbumin (LAA), are also shown in Table 2 and compared with a previous study on Italian Friesian [18] . In the last ten-year period, no substantial modification occurred at milk protein variability in Italian Friesian ( Table 2 ). The recent development of genomic selection [24] , which could affect milk protein polymorphisms strongly, increases the interest for a constant monitoring of the genetic variation of the main milk proteins in the dairy breeds.
The frequency of CSN2*I was lower than in a previous study on Italian Friesian (frequency = 0.12) [4] and in Dutch Holstein Friesian (0.14 in proven bulls, 0.27 in young bulls, 0.192 in cows) [5] .
A change of the frequencies of the different milk protein variants was observed in Dutch Holstein-Friesian over a period of 16 years and might have affected the protein composition and technological properties of milk [25] . The large effect of genetic variants on protein composition also suggests that selection for specific variants or haplotypes can be a useful tool in producing milk with a desired protein composition [25] .
Due to the linkage between CSN2*I and CSN3*B [5] , the 8 CSN2*I heterozygous samples also carried CSN3*B. It is noteworthy that CSN2*I was significantly and positively associated with protein percentage and protein yield, α S2 -CN, κ-CN, CN index and yield, and negatively associated with α S1 -CN, α-LA, and β-LG [5] . Only CSN2*I-CSN3*B haplotype was found by [5] who suggested that the association of this haplotype with protein percentage, κ-casein, α-lactalbumin, β-lactoglobulin, and casein index might result from the effect of CSN3*B. Nevertheless, an investigation within Italian Friesian found that the positive effect on milk protein percent of the SNP related to CSN2*I was more significant than the positive one exerted by CSN3*B [16] . Thus, the importance of a correct identification of CSN2*I as well as the interest to further investigate its effect on quantitative traits is evident.
In conclusion, BAS-PCR is a simple and rather cheap typing system which could be used for routinely typing of CSN2*B and CSN2*I alleles in particular cases as the ones described in the present paper (lack of genotyping of a particular SNP at milk protein genes, genotyping of milk protein polymorphisms at the protein level when milk is available). Thus, the use of classical genotyping techniques is still actual and not completely replaceable with outsourcing high-throughput analysis.
If milk is available, the combined use of milk protein analysis by IEF and DNA analysis by BAS-PCR for CSN2*I detection is an efficient and cheap system which allows genotyping of all the most common milk protein variants. Moreover, the importance of correctly discriminating milk protein genetic variation is fundamental for a deeper comprehension of the biological mechanisms underlying milk protein composition.
